Background: Apocynin, obtained from the roots of the Apocynum cannabinum plant, is a substance that has the effect of a NOX inhibitor. Apocynin (4-hydroxy-3-methoxyacetophenone) plays a role in the production of superoxide inhibitors. Many pervious studies demonstrated the positive effects of apocynin on renal Ischemia Reperfusion (I/R) in a rat model.
Introduction
TESTICULAR torsion is one of the most common urological emergencies observed in children. The annual incidence is 4.5% in 100,000 males aged 1-25 years [1] . This condition may cause ischemia and ultimately loss of the testis in short time if an accurate diagnosis is not made and not treated appropriately [1] . Testicular damage varies depending on the grade and duration of the torsion [2] .
Production and releasing of Reactive Oxygen Species (ROS) by inflammatory cells, endothelial cells, platelets, injured cells, and cell debris, via many enzymatic mechanisms play an important role on the damage caused by torsion. This damaged incurred with reperfusion may result in irreversible damage [3, 4] . Although reperfusion is essential for the survival of ischemic tissue, there is evidence that reperfusion itself causes additional cellular injury [5] . NADPH-oxidase (NOX) is a major enzyme that uses NADPH to generate superoxide, initial ROS molecule, from oxygen [6] .
Apocynin, obtained from the roots of the Apocynum cannabinum plant, is a substance that has the effect of a NOX inhibitor. Apocynin (4-hydroxy-3845 3846 Effect of Apocynin on Testicular Ischemia/Reperfusion Injury 3-methoxyacetophenone) plays a role in the production of superoxide inhibitors. Many pervious studies demonstrated the positive effects of apocynin on renal Ischemia Reperfusion (I/R) in a rat model [7] .
It was observed that apocynin strengthens antioxidant defensive systems and enhances the reduced glutathione (GSH) and it limits cellular stress triggered by ischemia [8] . Moreover, it was revealed that in the ischemic cerebral cortex, apocynin decreases GSH consumption, hydrogen peroxide formation (H 2 O 2 ), and DNA fragmentation [9] .
The aim of this work is to study the effect of apocynin on testicular ischemia/reperfusion injury in male albino rats.
Material and Methods

Animals:
The present work was carried out on 30 male adult albino rats of local strain weighing (250-290gm). The rats were housed in isolated animal cages, five in each cage, in a standard Animal Laboratory Room in Faculty of Medicine Tanta University and had free access to water and food ad libtium all over the period of the work and were kept at room temperature. All procedures were done according to the ethical committee of Tanta University. The work was done from April 2017 to Nov. 2018.
Chemicals:
Apocynin preparation: Apocynin was obtained from Sigma Aldrish as a powder dissolved by addition of normal saline.
Study design:
Rats were divided into three main groups: Each consisting of 10 animals.
1-Sham operated group (Group I):
Delivery of the left testis without twisting the testicle was done then relocated into the scrotum.
2-I/R group (Group II):
Testicular torsion was done by rotating the left testis 720º anti clockwise direction (2 times around the longitudinal axis of the spermatic cord) in an anticlockwise direction, the torsion was maintained by fixing the testis in the scrotum with a 6/0 silk suture and the incision was closed. The rats of this group were underwent left testicular torsion (4 hours) and received a single dose of 10ml/Kg 0.9% normal saline solution intraperitoneally given at the 210 th min of ischemia (1/2 an hour before the detorsion) then underwent detorsion for one hour [7] .
3-Apocynin treated group (Group III):
The same surgical procedure was done as in Group II, in addition, these rats were injected intraperitoneally by a single dose of apocynin at a dose of 20mg/Kg dissolved in 10ml/kg normal saline 1/2 an hour before the detorsion [7] .
Sample collection and analysis:
At the end of the experimental period, all rats were anaesthetized by intraperitoneal injection of pentobarbital (50mg/kg) [10] and blood samples were obtained by decapitation of all animals then serum was separated by centrifugation at 3000rpm for 10 minutes and transferred into clean storage tubes.
Serum samples were used to measure free testosterone level according to the method of Morley et al., (2002) [11] , FSH level according to the method described by Gay et al., (1970) [12] , and LH according to the method of Haavisto et al., (1993) [13] .
Part of testis will be homogenized in ice-cold sodium potassium phosphate buffer (pH 7.4), centrifuged at 3000rpm at for 10min and stored at -80ºC for analysis of Malondialdehyde (MDA) according to the method of Ohkawa et al., (1979) [14] , Glutathione Peroxidase (GPX) according to the method of Pagalia and Valentine, (1967) [15] , Immunohistochemical study for caspase-3 activity according to the method of Kim et al., (2007) [16] and histopathological examination of testicular tissue was done.
Statistical analysis:
The data were shown as the mean ± standard deviation. Data from the study were analyzed using by one-way analysis of variance (ANOVA) followed by Tukey's test to assess the significance. The p<0.05 were considered as statistically significant. Using SPSS for windows (Version 23.0). Fig. (1) , showed that MDA levels significantly increase in testicular tissue with concomitant decrease of testicular GPX levels in I/R group as compared to normal sham operated group. As regard, apocynin -treated group, MDA levels significantly decreased in testicular tissue with concomitant increase of testicular GPX levels as compared to I/R group. However, these levels were non-significantly changed as compared to the normal sham operated group. These parameters returned to the normal level as compared to the normal sham operated group.
Results
Effect of the apocynin on testicular MDA and GPX:
Effect of the apocynin on serum free testosterone, FSH & LH levels:
As shown in Fig. (2) , there was significant decrease in serum level of free testosterone while significant increase in serum levels of FSH and LH in I/R group as compared to the normal sham operated group. However, apocynin treated group significantly increased serum level of free testosterone while significant decrease in serum levels Group I Group II Group III of FSH and LH as compared to I/R group. But, these levels were non-significantly as compared to the normal sham operated group. These parameters returned to the normal level as compared to the normal sham operated group.
Effect of the apocynin on testicular caspase-3 activity:
As presented in Fig. (3) immunohistochemical staining of testicular section to caspase-3 from rats of this group showed no apoptotic cells in sham operated group. While in Fig. (4) 
of cohesion of spermatogenic cells. Interstitial tissue showed mild congestion of vessels with minimal oedema in apocynin treated group as showed in Fig. (8) . 
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Testicular histopathology:
Testicular section showed thick basement membrane, loss of cohesions of spermatocytes, congested interstitial vessels, oedema, sequestration of spermatocytes and spermatogonia in lumen of tubule and separation of basement membrane in I/R group as showed in Fig. (7) . However, mild thickening of basement membrane and mild loss
Discussion
The results of the present work revealed that in I/R group, there was evidence of oxidative stress in testicular tissue. Also, there was evidence of apoptosis of the testicular tissue manifested by significant increase of testicular caspase-3 levels. In addition, there was significant impairment of endocrinal function of testes and These results were confirmed by histopathological findings of the testicular tissue. The result of the present work showed the efficacy of apocynin in preventing injury of testis induced by ischemia/reperfusion in male albino rats.
The results of the present work demonstrated that significant increase in testicular MDA level in I/R group agrees with the study of (Chan) [17] who showed increase in MDA level after ischemia. The significant increase in testicular MDA level in I/R group could be explained by the initial obstruction of spermatic cord venous blood flow caused by testicular torsion with secondary edema and hemorrhage, then edema results in ischemia, further arterial obstruction leads to damage and production of free radicals [18] .
Another mechanism is reported by Al-Omar et al., [19] who stated that ischemia affect the nervous supply of tissues causing more necrosis and production of lipid peroxides that arise from damaged cells.
Apocynin treatment showed significant decrease in MDA level. These results can be explained by the effect of apocynin that prevents cell damage, lipid peroxidation and may reduce the production of ROS as proved by the results of this study. These results was agreed by Altantis et al., [7] who showed that apocynin inhibits the production of MDA which is a major indicator of oxidative stress, which increases due to lipid peroxidation, which is one of the harmful consequences of I/R injury.
Ozdemir et al., (2006) [20] also showed that, apocynin can reduce I/R cell damage that rapidly causes cellular injury associated with lipid peroxidation. Furthermore, Yayi et al., [21] also stated that apocynin reduced MDA level that shows significant increase in I/R injury suggesting that oxidative balance was disrupted after I/R and improved by apocynin administration.
In addition, Sahna et al., [22] showed that, apocynin administration inhibit lipid peroxidation which is the main pathway of oxidative stress, regardless of the source of free radicals, by blocking of this pathway and may be an effective strategy to prevent ROS-mediated testicular damage.
The results of the present work showed significant reduction in GPX level which reversed by apocynin treatment. The reduction of GPX by I/R may be due to increase MPO levels that may increase free radicals. Also, the mechanism by which apocynin increase GPX may be due to reduction of lipid peroxidation and oxidative stress which may reduce active free radicals. MPO has been essential for the mechanism of action of apocynin.
Exposure to MPO induces apocynin dimer formation and inhibition of the oxidase (Carolina et al., 2012) [23] .
Gezginci-Oktayoglu et al., [24] explained that, glutathione peroxidase plays primary role in minimizing the oxidative stress that increased by apocynin treatment. Moreover, Altantis et al., [7] showed significant increase in GPX activity in I/R group treated by apocynin. Furthermore, Van Haaften et al., [25] proved that, apocynin increased GPX which is important component of the protective mechanism of the cell against lipid peroxidation and oxidative stress, which occur during I/R injury and GPX convert hydrogen peroxide to water thus, they prevent the formation of more reactive-free radicals.
In addition, Sener et al., [26] suggested that apocynin increase the depleted glutathione peroxidase in ischemic renal tissue.
The results of the present work showed multiple apoptotic figures by immunohistochemical examination in torsion group as compared to the control normal group that indicates increase in caspase level after ischemia.
Apoptosis, or programmed cell death, is a physiological process of selected cell deletion [27] . It plays a critical role in the survival of multicellular organisms by getting rid of damaged or infected cells that may interferes with normal function [28] .
As an antagonist of cell proliferation, apoptosis contributes to keeping the cell number of testicular tissue and helps to remove damaged cells, but excessive apoptosis could cause destruction of male reproductive function (Shaha et al., [29] .
Apoptosis can be regulated by many modulators, including some ions, genes, proteins as caspases [30] . Among of these regulators, member of the caspase family of aspartic acid-directed cysteine proteases, leads to the loss of cellular structure and function and eventually results in apoptotic cell death (Gao et al., 2013) [31] .
In mammalian cells, the caspase family contains at least 14 enzymes, which can be mainly divided into two categories, initiator caspases and executioner caspases depending on where they function in the apoptotic cascade (Parrish et al., [32] .
Initiator caspases include caspase-2, -8, -9 and-10 (Kitazumi and Tsukahara, [33] . Once activated, they cleave and activate the executioner caspases which consist of caspases-3 (Akanda et al., 2017) [34] . The activated executioner caspases then cleave 3850 Effect of Apocynin on Testicular Ischemia/Reperfusion Injury their respective substrates to cause demolition of the cell [33] .
Briefly the caspase activation is regulated through either extrinsic pathway (death receptor pathway) or intrinsic pathway (mitochondrial pathway) (Pop and Salvesen, 2009) [35] . Hyman and Yuan, [36] showed increase in caspase level after ischemia.Kirkland et al., [37] also stated that the increase of caspase-3 is due to ischemia itself which damages tissues directly forming apoptotic points. Moreover, selective caspase-3 inhibitor affords protection of tissues against ischemic insult.
Jover et al., [38] added that after ischemic insult, there is an overproduction of ROS due to inactivation of antioxidant enzymes and consumption of antioxidants, these oxidants causes further tissue damage and is thought to be important trigger molecule for apoptosis after ischemic stroke which damages cell and activates more caspases. There is increasing evidence suggested that oxidative stress and apoptosis are closely linked phenomena in the pathophysiology of ischemic stroke (Mergenthaler et al., [39] .
The results of the present work showed less apoptotic cells in testicular tissues in apocynin treated group.
These results are in accordance with those observed by (Fu et al., [40] who reported that, apocynin decreases oxidative stress, apoptosis, inflammation following spinal cord ischemiareperfusion injury in rats. Also, Liu et al., [41] reported that, apocynin interfered with cobalt chloride induced pheochromocytoma cell apoptosis by inhibiting caspase-3 pathway.
In addition, Gimenes et al., [42] proved that, apocynin ameliorates pressure overload-induced cardiac remodeling by reducing collagen deposition, and inhibition of apoptosis in cardiomyocyte by suppressing the excessive production of Reactive Oxygen Species (ROS).
Our results also showed significant decrease in serum free testosterone level in torsion group. This result agrees with the study of (Chatani, [43] who showed decrease in testosterone level after ischemia. This is because leydig cells lost the capacity for steroidogenesis and are compromised prior to germ cell loss after torsion [44] .
Another mechanism reported by Aktas et al., [45] who proved that, the decrease in serum free testosterone level was caused by decrease in blood flow to testicular cells which caused necrosis and apoptosis including the interstitial leydig cells. Our biochemical results were confirmed by immunohistochemical results of caspase which showed multiple apoptotic figures that affect interstitial leydig cells.
The mechanism that can explain the increase of testosterone serum levels by apocynin administration is that apocynin enhances the defense antioxidant system and reduces oxidative stress and hence decreases the oxidative damage on cellular processes and steroidogenesis in leydig cells (Aitken and Roman., 2008) [46] .
Our results also showed significant increase in the serum levels of both FSH and LH level in torsion group.
It is well established that FSH and LH are essential for the maintenance of spermatogenesis. The process of spermatogenesis is regulated by gonadotropin-releasing hormone (GnRH) to produce FSH and LH that act on the testis to regulate spermatogenic potential. The binding of LH to its receptors on the surface of leydig cells stimulates the production of testosterone that diffuses into the seminiferous tubules. Within the germinal epithelium of seminiferous tubules, testosterone and FSH receptors are found only in Sertoli cells; hence, these cells regulate spermatogenesis. FSH plays essential role in the maturation of germ cells and for the initiation of spermatogenesis [47] .
LH, FSH secretion is regulated predominantly by serum testosterone via its negative feedback to the pituitary. The findings of the present work have confirmed the results of Ahmed et al., [48] , they reported that FSH level was significantly elevated in I/R group compared to control group this rise could be attributed to the defective spermatogenesis in I/R group. Also, O'Shaughnessy et al., [49] observed that the elevation of FSH level due to negative feedback mechanism of decreased testosterone level. Similarly, Gong et al., [50] , reported that with decrease serum androgen concentration, a progressive rise of plasma LH levels was noticed.
Conclusion:
From these results, we concluded that there is a significant role of Apocynin on testicular ischemia/reperfusion shown from its effect on MDA, GPX, caspase-3, testosterone, serum FSH, LH in addition to its role in improvement of histopathological picture. Also, these findings highlight that Apocynin treatment can be used beside surgical correction as a novel therapeutic approach in ischemia/reperfusion of the testis to ameliorate its injurious effect, and to be an alternative therapy instead of removal of ipsilateral testicular torsion. However, introducing Apocynin for this purpose would require additional basic research in different species, including human being.
